INTRODUCTION
The continued scaling of source/drain (S/D) junction depth in conventional MOSFETs results in several limiting factors including increased sheet resistance (R sh ) and limitations in doping/activation techniques to achieve sharp lateral doping profiles [1, 2] . Schottky barrier MOSFET (SBMOS) architecture in which the metallic S/D regions are in direct contact with the transistor channel can essentially eliminate the S/D parasitic resistance and provide abrupt junction interfaces [3]- [5] . Recently, the effect of gate modulation on Schottky barrier thickness at source/drain has been shown to increase tunneling current [6, 7] . However, this effect is significant when the silicide intrudes into the channel overlaps the gate [8] , but controlling the distance of silicide intrusion in nanowire proves to be more challenging than in a 2-D planar transistor [9, 10] .
While work on silicide intrusion on bottom-up nanowire device have been investigated [9] , nickel silicide intrusion and its impact on Schottky transistor's performance on top-down nanowire transistor by method of lithography are reported in this work. For the first time, we demonstrate that controllable silicide intrusion of less than 40 nm can be realized by using different RTA conditions in top-down nanowire transistor. Fig. 1 shows the integration scheme of the nickel silicided S/D Schottky omega-gate nanowire transistor. Si fins were patterned on p-type (1x10 15 cm -3 ) SOI wafers, followed by oxidation at 1050 o C to grow 500 Å oxide. The oxide was then thinned down to 300-350 Å as gate dielectric before polysilicon deposition as the gate. Both thin body with W=1µm and nanowire transistors were fabricated on the same wafer. Fig. 2 shows the cross sectional TEM which confirms the omega shape gate and shows the silicon nanowires formed were about 30 nm in diameter. After gate etch and S/D pad oxide removal, the S/D Si thickness was about 30 nm prior to Ni deposition. A proposed 2-step RTA silicidation schemes are shown in Table I . A 1-step RTA silicidation was used as a control, as indicated as Split no. 5. o C was Ni-rich silicide and the 30 nm-thick source/drain was fully silicided by annealing 30 nm Ni for 30 s. It has been observed that the Ni to Si ratio gradually decreases from the S/D to the silicon/silicide interface. Fig. 4 shows the transfer characteristic (I D -V G ) for SB (Schottky Barrier) nanowire and thin body transistor with a gate length = 350 nm. The nanowire transistor shows superior subthreshold slope and higher drive current than that of the thin body device due to better electrostatic coupling from the omega shape gate. o C, it is believed that Ni-rich silicide phase was formed and due to the limited supply of Ni, the thinner Ni film would be insufficient to fully silicide the S/D. Hence, worse sub-threshold slopes and higher leakage current were observed for the 14 nm-Ni devices. We also found that with 14 nm Ni, the 30 s annealing shows better sub-threshold slopes than that of 60 s. Fig. 6 shows the improvement in the short channel performance of the SB nanowire transistor after a 2 nd RTA. The 14nm-Ni devices annealed with 1 st RTA at 275 o C, 60 s shows significant improvement in the sub-threshold slope, whereas the 30nm-Ni devices show only minimal improvement. Figs. 7 and 8 show the transfer curves for a 350 nm gate SB nanowire transistor before and after 2 nd RTA at 450 o C silicided with the 14 nm Ni. The sub-threshold slope significantly improved from ~300 mV/dec to 130 mV/dec. However, there is no considerable change in the drive current of the device, suggesting that the Schottky barrier height remained unchanged before and after the 2 nd RTA. Fig. 9 shows the I D -V G of two 750 nm gate length nanowire transistors, one with 1-step 450 o C, 30 s with 14 nm Ni and another with 2-step RTA with 1 st RTA at 275 o C, 60 s with 14 nm Ni, followed by the 2 nd RTA at 450 o C, 30 s after removal of the unreacted Ni. The sub-threshold regions for the two devices are almost identical, but the drive current for the 1-step RTA device is higher than that of the 2-step RTA. Fig. 10 shows the intrusion of nickel silicide into the nanowire channel of nanowire transistors with three silicidation splits. Fig. 10 Fig. 10(c) , the silicidation at 450 o C, 30 s with the 14 nm Ni shows severe intrusion of approximately 170 nm into the nanowire channel. This is consistent with the result that 1-step RTA device has a higher drive current than the 2-step RTA device as its effective channel length is much smaller than the physical gate length. However, excessive intrusion is undesirable as it increases the parasitic capacitance, hence increasing the RC delay of the device and degrading its speed.
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RESULTS AND DISCUSSION
CONCLUSION
Nickel silicide intrusion in silicon nanowire is presented. It has been shown that by using a 2-step RTA, intrusion can be well controlled by forming nickel rich silicide at lower temperature and then etching back excess Ni. A 2 nd RTA can improve the transistor performance. By designing the spacer thickness carefully, intrusion with minimal overlap with gate can be fabricated. 
